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UNCLASSIFIEL'
AZRONAUTIC SYMBOLS

L FUNDAMENTAL AND DERIVED UNITS

Mqtric Engliab

Symbol
untAbbrevis- untAbbievi&-

Length~ ---- meter ---------- I foot (or mile) ----- ft. (or mi.)
Time ----- 9 eond --------- 11 econd (or hour) ---- ee. (or hr.)
Force ---------- P weight of 1 kilogrmm -- kg weight of I pound----lb.

Power--------- P horsepower (metric) ----------- hormepower ---------- hp.
Speed --------- V klomters pr hour----kp.h mieprho -

L. GENERAL SYMBOLS

W, Weight-img V, Kinematic Viscosity
g, Stanidard acceleration of gravity=9.80665 p, Density (maws per unit volume)

m0or 32.1740 ft./nec.' Standard density of dry air, 0.12497 kg-rn-'- at
m Mm- 150 C. and 760 mm; or 0.002378 lb.ft.-' sec'ý

-at ma g Specific weight of "standard" sir, 1.2255 kg/rn or
I, Moment of inertia=mk'. (Indicate axids of 0.07651 lb./cu. ft.

radius of gyratiojn k by proper subscript.)
CI~ffcintOfVucosty

3.AERODYNAMIC SYMBOLS

.&~rs ~, ~glbof Setting. of wings (rlastive to *=wA
S~ 'At" of wing line)

'O~<Oapift Angle of stabilizer setting (relative to tlhwut
., Span line) MM.

ir, Chord Q, Resultant mmn
4P.rto0, Resulta~nt amlrvelocity

go Aspect raiV1,
V, Tue ar seedP-, Reynol umber, where I is a linear dimension

V, Trear pe (e-g., for a model airfoil 3 in. Chord, 100
1, Dynamnic pressure-pV' m~p.h normal pressure at 150 C.1 the oor-

-L 
responding number is 234,000; or for a model

* L LWt, absolute coefficient C= of 10 cm chord, 40 m.p.s., the corresponding'
D numberis 274,000)

D, Drug, abso~lute coefficient C.Dc, 1  Center-f-pressure coefficient (ratio of distance
CD D, of c.p. from leading edge to chord length)

Do, Profile drag, absolute coefficient Cn-S , Angle of attack

D~, Indce drg, bslut coffciet D,= Of Angle of downwash
Do, ~ ~ ~ ~ ~ q Inue raasluecefiin D, s o Angle of attack, infinite aspect ratio
D,, Paasie rag asoltecoefiien C D, at, Angle of attack, induced

D,, araitedra, abolue ceffcien Cz, q 61 Angle of attack, absolute (measured from zero-

C, ros-in fi'e, ~ltecoffcint C lift position)
C, ros-wid frce asolte oeficintC'c=-, -j, Flight-path angle

R, Resultant force



UNCLASSIFIED

REPORT No. 689

PRELIMINARY WIND-TUNNEL INVESTIGATION
OF AN N. A. C. A. 23012 AIRFOIL WITH VARIOUS
ARRANGEMENTS OF VENETIAN-BLIND FLAPS

By CARL J. WENZINGER and THOMAS A. HARRIS

Langley Memorial Aeronautical Laboratory

Unanouncedf 013

t I' 
C QUAL =T INSPECTED 3

IE 

MI

Dis. pocsaUACLA SSEj



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

HEADQUARTERS. NAVY BUILDING. WASHINGTON. D. C.

LABORATORI•S. LANGLEY FIELD. VA.

Created by act of Congress approved March 3, 1915, for the supervidion and direction of the scientific study of th' problems of
flight (U. S. Code, Title 50, Sec. 151). Its membership was increased to 15 by act approved March 2, 1929. Thein inihuers are
appointed by the President, and serve is such without compensation.

VANNEVAR Buss, Sc. D., Chairman, CI.I.TO. M. HESTER, A. B., LL. B.,
Washington, D. C. Administrator, Civil Aeronautics Authority.

GEOaRE J. MEAn, Se. D., Vice Chairman, RIOSERT H. HINCKLEY, A. B.,
West Hartford, Conn. Chairman, Civil Aeronautics Authority.

CHARLEM G. ABBOT, Sc. D., JEROME C. BU.8AEZR, Sc. D.,

Secretary, Smithsonian Institution. Cambridge, Mass.
SYDEY M. KUAus, Captain, United States Navy,

HENRY H. ARNOLD, Major General, United States Army, Bureau of Aeronautics, Navy Department.
Chief of Air Corps, War Department. FRANCIS W. REICHELDERFER, Sc. D.,

GEORGE H. BRETr, Brigadier General, United States Army, Chief, United States Weather Bureau.
Chief Matiriel Division, Air Corps, Wright Field, Dayton, JOHN 11. TOWERS, Rear Admiral, United States Navy,

Ohiu. Chief, bureau of Aeronautics, Navy Department.
LYMAN J. BRIGGS. l'h. D).. Enw.,,ar WARNER, Sc. D.,

Director, Natimial IBureatl of Standards. Washington, D. C.
ROBERT E. DomhIRTY, M. S., ORVILLE WRIGHT, Sc. D.,

Pittsburgh, Pa. Dayton, Ohio.

GEORFG. W. Lxwis, Director of Aeronautical Research S. PAUL JOHNSTr)N, Coordinator of Reearch

JOHN F. VICTORY, Siecretary

HENRY J. E. RviD, Engineer in Charge, Langley Memorial Aeronautical Laboratory, Langley Field, Va.

.IOHN J. IvE, Technical Assistant in Europe, Paris, France

TECHNICAL COMMITTEES

AERODYNAMICS AIRCRAPT STRUCTURES
POWER PLANTS FOR AIRCRAFT AIUCRAPT ACCIDENTS
AIRCRAFT MATERIALS INVENTIONS AND DESIGNS

Coordination ,f Research Needs of Military and Civil Aviation

Preparation of Research Programs

Allocation of Problems

Prevention of Duplication

Consideration of Invention.w

LANGLEY MEMORIAL AERONAUTICAL LABORATORY OFFICE OF AERONAUTICAL INTELLIGENCE
LANGLEY FIELD. VA. WASHINGTON. D. C.

UTnified conduct, for all agencies, of scientific research on the Collection, classification, compilation, and dli.emcimmatinoi of
fundanienttal l)roblemls (if flight. scientific and technical inforination on aeronautiec.

4-1-40



REPORT No. 689

PRELIMINARY WIND-TUNNEL INVESTIGATION OF AN N. A. C. A. 23012 AIRFOIL WITH
VARIOUS ARRANGEMENTS OF VENETIAN-BLIND FLAPS

By CARL J. WFNZINOER and THOMAS A. HARRIS

SUMMARY are also included for comparison with the datai for

An investigation has been made in the N. A. C. A. 7- by venetian-blind flaps.
10-foot wind tunnel of a Large-chord N. A. C. A. £3012 MODELS

airfoil with several arrangements of venetian-blind flaps to PLAIN AIRFOIL

determine the aerodynamic section characteristics as of- The basic wing, or plain airfoil, used in these tests was
fected by the over-all flap chord, the chordis of the slots built to the N. A. C. A. 23012 profile and had a chord of
used to form the flap, the slat spacing, the number of slats, 3 feet and a span of 7 feet; it was previously used for the
and the positiotn of the flap with respect to the wing. slotted-flap investigation of reference 1. New trailing-
Complete section data are giren in the form of graphs for edge pieces were made for the model with necessary cut-
all the combinations tested. outs for the new flaps.

The optimum arrangement of the venetian-blind flop
was a combination in which the flap was located near the VRNETIAN-LIND FLAPS

wing trailing edge. These arrangements of the venetian- The venetian-blind flaps were made of small slats
blind flap were superior to any flaps prcviously tested for arranged to pivot on arms that were, in turn; pivoted to
producing lift and giring low drag coefficients at high lift the wing. The deflection of the complete system of
coefwicients. The uing with this flap, however, had very flaps is referred to as Sf. The deflection of the indi-
large pitching-moment coefficients. IThen operated as vidual slats on the arms is designated 6,. When the
split )lap#, the venetian-blind flaps were inferior to the individual slats are deflected differentially with respect
simple split flap in producing lift. to each other, the subscript carried by 6, refers to the

number of the slat on the supporting arm starting from
INTRODUCTION the one nearest the axis of the arm. The various

The National Advisory Committee for Aeronautics is arrangements of venetian-blind flaps are shown in fig-

undertaking an extensive investigation of various wing- ures I to 4 with the flap both retracted and in the

flap combinations to furnish information applicable to optimum deflected position as determined from the

the design of high-lift devices for improving safety in tests.
flight. One of the most promising arrangements devel- .-........ ..- -

oped to date in this research is reported in reference 1.
The arrangement is a slotted flap capable of giving high _ _ _ _ _ _

maximum lift coefficients, low drag coefficients at mod- " . . .
orate and high lift coefficients, and lhigh drag coeffi- 45e'....... -

cients at high lift coefficients. This combination was sot dc/etoa b
still further improved by tie addition of an axiiaryo.-

slotted flap, the investigation of which is reported in.1
reference 2. The results of these tests indicateAl that c, .04 -/ 44'

still further improvement ndght be obtained by the use . ',.c'e :.es

of a multiply slotted flap. Special types of multiply
slotted flap-for example, the venetian-blind flap-have F,;Ut"• I s,,,t ... . .. A'. ^111 .sa,,,I wilt, iv,,t,,,,,,., Io,,.

been suggested by E. F. Zap and also in reference 3.
The present report gives the results of an investiga- The arrangement of the 10-slat venetian-blitid thip is

tion of an airfoil with several arrangements of venetian- shown in figure 1. Each of the slats had a chord 4 pvr-
blind flaps. The spacing, the chord, the position, and cent of the basic wing chord; the sui of the chords of
the number of the slats composing the venetian-blind the slats was therefore 40 percent, of the wing chord.
(lap were considered. Some data for simple split flaps Each slat. was of solid brass with a romnd m)se and it

S. . . . . .I
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sharp trailing edge, as shownl in the detail of figure 1, and The venetian-blind flaps shown ini figure 4 are the
was made to pivot on the supporting armn about thet same as those shown in figure 3 except for the position
inidchord point of its lower surface. The supporting of the arm axis, which is onl the lower surface of the main
arms were, in turn, pivoted 5 percent of the wing chord -C36

ahead of the first slat to provide a slot between the slats
and the wing when the complete system was deflected.

Several arrangements of a venetian-blind flap with an_____4
over-all chlord 40 percent of the wing chord are shown in (a) 6

figure 2. In all arrangemnents, the flap was composed of C_-./6
slats with chords 10 percent of the wing Jiord. These6,60
slats were built of wood to the Clark Y profile. TheyV\
were pivoted on the supporting arms about the quarter-
chord point of their lower surface. The arrangements
of the five, the four, and the three slats shown in figure 2
were made to determine the optimum spacing of the
slats. The filler blocks shown on the arrangement with
three slats retractedl were removedl for tests with the (b) 7-R5c; 0
flap deflected. W

In order to dletermine the effect of over-all chord of
the venetiaii-blimal flap, the models were tested with
flap chords 40, 30, alld 20 percent of the willg chord, as
shown in figure 3. The same Clark Y slaws were used------
for this model as are shown in figure 2. As may be C-
seen from figure 3, the 40-percent-chord flap was comn- mc - hige axes . 5 *~4~~., D

posed of four slats, the 30-percent-chord flap was corn- '- lOc"

posed of three slats, anti the 20-percent-chord flap was N

ccmposed of two slats. (a) The DuMe location; four Slats.
(h,) Trhe 0.6 location; three slats.
(c) The 0.75 location; two slats.

__C .36, FinvieR .-Selctions of N. A. C. A. 23012 airfoil with a overe arrannem*Oha of voile-
tian-blind flaps hinted at different axis locations; 0.10V Slats.

airfoil one-half of 1 percent of the wing chord ahead of
(a) ~ .40c the trailing edge of the wing. This position of the arm-_.

8~~.5O/ axis was estimated, from results of previous tests of -
' -Joe slotted and Fowler flaps, to be the most promising axis

.OOc 640'

40c

............... (a)

(C' .10

--- +-4.-- 3Cc 0

(c) -5c, d 70 () 5c

S 6.60. _________________

15c.' a..05C 0COc' 6, 40

+- hifnge aXes (C) hig
+ -hige U, 5 ' -.Or'

(a) Five slat-spni~eeld 
7~, (it) Four 810t.~

(I.W Four Plstt, spamel 1.11,. (0.1 Thiree sliZ,..
to' Thrm slints ni~mv.i ik,.rw i. ) TIwo Slats.

Plj,ms,~ 2-Meetitofls of N. A C. A. ?M312 airfoil witl, qeveral nrrnneoements of ven... Fliwvnim. -ý*ettn,o of N. A. C. A. ?31012 airfoil Will, ,,evrl arraret~f e ntsC ~ of vene-
isan-lMliod flttle loomce tit Mil rntfru i .m,: mio.Il slats. tiatt-htiii Cl aps hinveda (Il iwle: (1. Ilk slhtls



N. A. C. A. 23012 AIRFOIL WITH \ENETI'AN-IiIANI) FILAPS3

location for the venetian-blind flap. This arrangenment n (a. c.)., section pitching nionient.
provided a gap of about 1 percent of the wing chord q dynamic pressure (1. pl').

between the first slat and the trailing edge of the wing c chord of basic airfoil with flap fully retracted.

when the arms were deflected to the optinumiu position. and Y" aingle of attack for infinite aspect ratio.
&, deflection of individual slats.

TESTS At deflection of comphlete system of flaps.

The models were mounted in the closed test section PREaSION

of the N. A. C. A. 7- by 10-foot wind tunnel so as to 'h,, accuracy of the vwrious measurements in the tests
span the jet completely except for small clearances att i believd to be within the following limits:

each end. (See references I and 4.) The main airfoil
was rigidly attached to the balance frame by torque a0  .. ... ±0.1° c ---------- ±0.0006
tubes, which extended through the tipper and tile lower ---------- ±0.03 Cd 0o,,.. ,-- - ±0.002

boundaries of the tunnel. The angle of attack of the c,(.. --- ±0.003 6---------. . ±20

model was set from outside the tunnel by rotating the cd,-,-- ------. ±0.0003 6----------. ±0.50
torque tubes mith a calibrated drive. Approximately Slat position.....- ±0.001c
two-dimensional flow is obtained with this type of The accuracy of the individual slat deflection 6, refers
installation and the section characteristics of the model to the settings of the slats relative to each other; the
tinder test may be determined, accuracy of the setting to the reference line (the lower

A dynamic pressure of 16.37 pounds per square foot surface of the wing) is ± 20. Likewise, the accuracy of
was maintained for most of the tests, which corresponds the slat position is the spacing on time supporting arms.
to a velocity of 80 miles per hour under standard atmos- The data have been corrected for the error due, to

pheric conditions and to an average test Reynolds support interference as determined fromn special tests
Number of about 2,190,000. Because of the turbulence with duimmy supports in place.
in the winl tunnel, the effective Reynolds Number R.
was approximately 3,500,000. For all tests, R. is based PLAIN AIRFOIL

on the chord of the airfoil with the flap retracted and The aerolynamic section characteristics of the plain
on a turbulence factor of 1.6 for the tunnel. N. A. C. A. 23012 airfoil as determined in the two-

Each arrangement of the venetian-blind flaps was dimensional-flow installation are given in figure 5.
tested with the flap fully retracted to determine the These data were taken from reference I and require no

effect of the breaks in the lower surface of the airfoil further discussion here.
on the drag. Tare tests were also made to determine .04- r--
the effect of the supporting arms. - I8DE

All arrangements of venetian-blind flaps were tested I 1i _ -rF-r• •
with the arms deflected 30', 600, and 90W. For each .044

arm deflection, the slats were deflected various amounts ,I , , ,
to determine the optimum arrangement from considera- - I

tions of maximum lift. Tare tests were made to deter- ( .c.J- C/4I-I

mine the effect of the supporting arms when deflected $ _-_-_- -

600. •.o3- - _
An angle-of-attack range from -4° to the angle of I -- i 1-:°.c

attack for maximum lift was covered in 20 increments 1.02-

for each test. Lift, drag, and pitching moment were _Q "---II.

measured at each angle of attack. 00o iI

RESULTS AND DISCUSSION S.020,

CORVITICINTS 016 116 4,,

All test results are given in standard section nondi- .o/t_ ..JtI
mensional coefficient form corrected as explained in -
reference 1. .0 8 -0

cl section lift coefficient (I/qc). I . ":
ed, section profile-drag coefficient (do/qc). .0-'-04--•i 

4 i
C...). section pitching-moment coefficient about aero- 10 --- -

dynamic center of plain wing (m(. ,.),/qc2 ). k j 1 h
where ýsI -I '

whr s-i 0 2 .4 .6 .8 1.2 1.4 1.6

1 section lift. Jechon lift coeffci.en, c,
d9 section profile drag. FUURL 5.-Aetulynsanic wetiun chanmcteristics of N. A. C. A, =1o2 pWlain aifoil.



IMPOT)|T NO . 6i.10 NATIOit NAL A.)DVUS( IRi" CO MMITTEE It A I.". RNA kNU'TIt's

VENETIAN-BLIND VLAP figure 7 on the basis of the increase of section uiaxijuuiii

Effect on Ce,, of retracted flaps.-The increments otf lift coefficient AC,,, due to deflecting the flap. This
profile-d4ra coefficient Caused by the breaks in the wing Acta* is the difference between the maximum lift
lower surface with the various arrangements of venetian- toefficients of the wing with the flap deflected and the
blind flaps retracted are shown in fizure 6. The drag the flap neutral, both at the same air speed.

The efect. on ac,,,,,.t of varvim., thel spacing ant tdhv
-/ size of the slats composinmz the voentian-blind flap is

004[ 1 - shown in figure 7 (a). The 10-, the 5-, and the 4-slat
i - - flap arrangements all g-ive about the same act... at a

w.iea rm setting. The optimuwn stetting in all cases
I ,o slt s .of C 0.7.5 was with the slat-supporting arnis down 600 and with

rhree " 55"- the slats deflected so that the flaps were similar to a
04 Foro . . 5. 0.45c split flap with a gap. The flap arrangement with

Five-----------
- " the three slats was inferior to the other arrangements

0 '.oo00 -6 I! - - as a lift-increasing device. It appeared. therefore,
I' - that the optimum spacing of the slats (distance between

. . slat hinge axes) was a spacing of one slat-chord length
. O /rand that there was no advantage of using a large num-

S/~ .- her of small-chord slats instead of a few slats of large

0 -- , ,hord.

. The effect on At,, of varying the over-all chord of0 -1 4 A5.8 /a 1? 7/4,ectln lift coeffic'ent , c the venetian-blind flap by varyiug the number of slats

F t.-Effect of retracted venetian-bind fa on profile drag of airfoil. is shown in figure 7 (b). The arrangements with three
and four slats were slightly superior to the arrangement

increments were obtained by taking the difference be- with two slats. None showed any improvement, how-
tween faired drag curves of the respective combinations ever, over a simple split flap of corresponding over-all
(after deduction of the drag due to the slat-supporting chord length, as shown by some curves for the simple
arms) and the plain wing. The drag increments are split flaps, which are plotted for comparison. (See also
therefore only the increases due to breaks in the wing reference 5.) 1

surface. When the two-, the three-, or the foui-slat flap ,
The flaps composed of two and three slats hinged, arrangements were moved to the trailing edge of the

respectively, at 0.75c and 0.65c showed practically no wing and deflected (similar to a Fowler flap), the Aca,,z
effect on the increment of profile-drag coefficient for lift was greatly increased (fig. 7(c)). The optimum set-
coefficients less than 0.3 within the experimental accu- tings for each of the combinations were obtained with
racy of the tests. The increments of profile-drag co- the 600 deflection of the supporting arms. In order
efficient reached about 0.(01 for these combinations, still further to improve these arrangements, differential
however, at a lift coefficient of 1.0. slat settings were tried with the combinations deflected

The flaps composed of three and four slats hinged at 60". In all cases, the effect was to increase Atc,,, (fig.
0.55c gave an increment of profile-drag coefficient of S); tile best arrangement was the one with four slats,
aiout 0.0008 at a lift coefficient of 0.2, which increased which gave a Ac 1t• of 2.1. In order to show the effect
to about 0.0014 at lift coefficients greater than 0.7. of over-all flap chord on A&,,,,, the optimum &-.,.,. for

The flap composed of 10 slats hinged at 0.55c gave each of the three arrangements is plotted against flap
an approximately constant increment of profile-drag chord in figure 9 along with the results of the tests of a
coefficient of about 0.0014. If sufficient care is used Fowler wing from reference 1. When based on the area
in the design and the construction of the slats and the of the wing with flap retracted, the &,. increased
supports, none of these arrangements should be in- nearly linearly with flap chord over the complete range
ferior to the arrangement with two slats hinged at the tested. When based on the sum of the areas of the wing
0.75c location. and the flap, the Ac,,. will be little increased by using

The arrangement with five slats hinged at the 0.55c chord lengths of the venetian-blind flaps greater than
axis gave increments of profile-drag coefficient of from 0.30c. The loading per unit area was about the same
0.003 to 0.004, which are prohibitive. This arrange- for the three- or the four-slat venetian-blind flap as for
ment (fig. 2 (a)) appears to be aerodynamically inferior the corresponding split'flaps. (See figs. 7 and 9.) The /
when retracted. venetian-blind flap was s_.. jopri- e Fowler flap

Effect on ct.,= of deflecting flaps.-In order to (references 1 and 6) of the same over-all chord. It is ,
determine the optimum arrangement of venetian-blind probable that better arrangements of the venetian-
flaps from considerations of maximum lift coefficient, blind flaps can be obtained by a better location of
the various arrangements have been compared in successive slats.
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These arrangements were the only ones that showed the optinluni uniforal setting of the slats. Applrretly,
any particular promise from a consideration of high the flow over the slats is controlled much better with
maximum lift. The effects on profile-drag coefficient the differential angle settings of the slats. It is probable
at various lift coefficients are listed for these arrange- that better differential arrangements niav be obtained
incuts in the following table. by a different spacing of the individual slats.

TOFhe pitching-nionientt cefllicients of these arrange-
O I F TA N 09 Inemats (figs. 16 to 18) were about the same as for Fowler

flaps of the same over-all chord (references 1 and 6).

Number -, (), Thie pitching-moment coefficim| ts were very large, reach-
of be s at3 11111 It ng aV ahwl of about 1.0 for tile Arrangem ent with four

1 C -2.0 A:aAs-2. 0-40

03 5 CONCLUDING REMARKS4 3 0.0 03 0 .WS 0 &i

4 90 .. w. A .4 The results of these tests indicated that the venetian-
3 :.026 0 .036 : .5100 blind flap, when operated near the wing trailing edge,

3 go ON3 ON5 06 20 02 .039 .0 --° - was superior to any previous flap tested as a lift-
2 ,0 3 .052 .09 . increasing device and was also superior on the basis

0.2867•eFowlv flap - of low drag coefficients at high lift coefficients. The
(re,,rmcsl) ...... 1.02 0.0 .0 .... wing with this flap, however, had very large pitching-

0.266 slotted 1-p' moment coefficients The venetian-blind flaps, when
(reeas 1...)..... .0.. .042 .075. operated as split flaps, produced less lift than simple

split flaps of the same over-all chord.
The results from reference I for tile Fowler flap and -The tests also indicated that the best spacing of the

the best slotted flap are included in the table for corn- slats in the venetian-blind flap was one slat-chord
parison. length and that there was no advantage in using 10

At a lift coefficient of 1.5 for the optimum settings, small slats in preference to 4 large slats in a flap of a
all arrangements of venetian-blind flaps gave results given over-all chord length. Additional tests are de-
equal to or better than the best slotted flap or the Fowler sirable of the 30- and the 40-percent chord venetian-
flap of reference 1. With the supporting arms deflected blind flaps operated near the wing trailing edge and
600, all three arrangements of venetian-blind flaps were using different numbers of slats and slats of different
of about equal merit, airfoil sections. In these tests, particular attention

At a lift coefficient of 2.0, the venetian-blind flap with should be devoted to the differential angle settings of
two slats had profile-drag coefficients about 10 percent the slats and to the slat spacing.
less than those of the best slotted flap of reference 1.
The three- and the four-slat flap arrangements were pro-
gressively better than the two-slat arrangement. The LANGLEY MEMORIAL AERONAUTICAL LABORATORY,

venetian-blind flap with four slats had profile-drag co- NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

efficients 25 percent less than that of the best slotted LANGLEY FIELD, VA., January 10, 1939.
flap of reference 1. All the venetian-blind flap arrange-
ments with the best settings were superior to the Fowler REFERENCES

flap at a lift coefficient of 2.0. XlE earrangements 1. Wenzinger, Carl J., and Harris, Thomas A.: Wind-Tunnel

give the lowest drag with the supporting arms deflected Investigation of an N.A.C.A. 23012 Airfoil with Various
600 at this lift coefficient. Arrangements of Slotted Flaps. T. R. No. 664, N.A.C.A.,

At a lift coefficient of 2.5, the venetian-blind flaps had 1939.

lower drag coefficients than the best slotted flap of ref- 2. Wenzinger, Carl J., and Gauvain, William E.: Wind-Tunnel
Investigation of an N. A. C. A., 23012 Airfoil with a Slotted

erence 1. The profile-drag coefficient was from 16 per- Flap and Three Types of Auxiliary Flap. T. R. No. 679,

cent less far the two-slat arrangement to 35 percent less N. A. C. A., 1939.
for the four-slat arrangement than that for the best 3. Grey, C. G.: On Venetian Blind Landing. The Aeroplane,

slotted flap of reference 1. The two-slat arrangement vol. LII, No. 1353, April 28, 1937, pp. 499-504.
in its best setting, however, was slightly inferior to the 4. Harris, Thomas A.: The 7 by 10 Foot Wind Tunnel of the

National Advisory Committee for Aeronautics. T. R. No.
Fowler flap of reference I. The optimum supporting- 412, N. A. C. A., 1931.
arm deflection was 600 for this lift coefficient also. 5. Wensiger, Carl J., and Harris, Thomas A.: Wind-Tunnel

At a lift coefficient of 3.0, the four-slat arrangement Investigation of N. A. C. A. 23012, 23021, and 23030 Air-

had a profile-drag coefficient only 10 percent higher than foils with Various Sizes of Split Flap. T. R. No. 668,

that of the best slotted flap at a lift coefficient of 2.5. N. A. C. A., 1939.

With the optimum differential setting of the slats 6. Platt, Robert C.: Aerodynamic Characteristics of a Wing
with Fowler Flaps Including Flap Loads, Downwsh, and

(figs. 16 to 18), the variation of angle of attack with lift Calculated Effect on Take-Off. T. R. No. 534, N. A. C. A.,
was approximately linear. This result was not true for 1935.



IX

Posalvv direction. of axum and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities

Forme
(parllelLinear

Designatiinatin Sgton!)oiiv elna-S~-(ojo
ymboi direction tlo 81m centmr, ongua

axis)

Longitudinal X X Rolling ..... L Y----Z Roll -pLateral .Y Y PltehAn(..... M Z----*X Pitch..
Normal ---------- Z "wn... N X----#Y Yaw ----- e r

Abeolute coefficients of moment Angle of set of control surface (relative to n "utral
O L M position), D. (Indicate surface by proper uubusdpt.

00o114n) (patching) (Yawing) -

4. PROPELLER SYMBOLS

D, Diameter P, Power, absolute coefficient
p, Geometric pitch
p/D, Pitch ratio C., Speed-power coefficient- /p
V', Inflow velocity
V., Slipstrem velocity I, Efficiency

Tr a eo cT n, Revolutions per second, r.p.s.
2 T, Effective helix angle=tan-- (

Q, Torque, absolute coefficient C_----6

S. NUMERICAL RELATIONS

1 hp.=76.04 kg-m/=e=0 ft-lb./seo. I lb.=O.4536 kg.
I metric horsepower=1.0132 hp. I kg=2.2046 lb.
I m.p.h.-0.4470 m.p.s 1 mi.-=1,609.35 m-5,280 ft.
1 m.p.s.=2.2369 m.p~h. 1 m=3.2808 ft.

fI~IC~sSF


